REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burdenitor  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instruclions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  informatton, 
including  siAgestions  for  reducing  this  burden  to  Department  of  Defense.  Washington  Headquarters  Services.  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis 
Highway.  Suite  1204,  Arlington.  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a 
collectiori  of  information  if  it  does  not  display  a  currently  valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS _ 

1.  REPORT  DATE  (DD'MM-YYYY)  |  2.  REPORT  TYPE  |  3.  DATES  COVERED  (From  -  To) 


4.  TITLE  AND  SUBTITLE 


Technical  Papers 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Air  Force  Research  Laboratory  (AFMC) 

AFRL/PRS 
5  Pollux  Drive 

Edwards  AFB  CA  93524-7048 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Air  Force  Research  Laboratory  (AFMC) 

AFRL/PRS 
5  Pollux  Drive 

Edwards  AFB  CA  93524-7048 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 


Approved  for  public  release;  distribution  unlimited. 


5f.  WORK  UNIT  NUMBER 

70  f 

PERFORMING  ORGANIZATION 
REPORT 


10,  SPONSOR/MONITOR’S 
ACRONYM(S) 


11.  SPONSOR/MONITOR’S 
NUMBER(S) 


13.  SUPPLEMENTARY  NOTES 


14.  ABSTRACT 


20030129  229 


16.  SECURITY  CLASSIFICATION  OF: 


17.  LIMITATION 
OF  ABSTRACT 


a.  REPORT 


b.  ABSTRACT 


Unclassified  Unclassified 


c.  THIS  PAGE 


Unclassified 


18.  NUMBER  19a.  NAME  OF  RESPONSIBLE 

OF  PAGES  PERSON 

Leilani  Richardson 

19b.  TELEPHONE  NUMBER 

(include  area  code) 

(661)275-5015 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  239.18 


MEMORANDUM  FOR  PRS  (In-House  Publication) 

FROM:  PROI(STINFO)  10  April  2001 

SUBJECT;  Authorization  for  Release  of  Technical  Information,  Control  Number:  AFRL-PR-ED-VG-2001-078 
Fajardo,  Mario,  “Chemistry  and  Spectroscopy  in  Solid  Parahydrogen” 

U.  Wyoming  Chemistry  Dept.  Seminar  (Statement  A) 

(Caramie,  WY,  20  April  2001)  (Deadline:  20  April  2001) 

1.  This  request  has  been  reviewed  by  the  Foreign  Disclosure  Office  for:  a.)  appropriateness  of  distribution  statement, 
b.)  military/national  critical  technology,  c.)  export  controls  or  distribution  restrictions, 
d.)  appropriateness  for  release  to  a  foreign  nation,  and  e.)  technical  sensitivity  and/or  economic  sensitivity.  ' 
Comments : _ 


Signature _ ^ _  Date _ 

2.  This  request  has  been  reviewed  by  the  Public  Affairs  Office  for:  a.)  appropriateness  for  public  release 
and/or  b)  possible  higher  headquarters  review 

Comments: _ _ 


Signature _  Date _ 

3.  This  request  has  been  reviewed  by  the  STINFO  for:  a.)  changes  if  approved  as  amended, 
b.)  appropriateness  of  distribution  statement,  c.)  military/national  critical  technology,  d.)  economic  sensitivity, 
e.)  parallel  review  completed  if  required,  and  f.)  format  and  completion  of  meeting  clearance  form  if  required 
Comments : _ 


Signature _  Date _ 

4.  This  request  has  been  reviewed  by  PRS  for:  a.)  technical  accuracy,  b.)  appropriateness  for  audience,  c.) 
appropriateness  of  distribution  statement,  d.)  technical  sensitivity  and  economic  sensitivity,  e.)  military/ 
national  critical  technology,  and  f.)  data  rights  and  patentability 

Comments: _ '  _ 


APPROVED/APPROVED  AS  AMENDED/DISAPPROVED 


PHILIP  A.  KESSEL 
Technical  Advisor 

Space  &  Missile  Propulsion  Division 


Date 


Chemistry  and  Spectroscopy  in 
Solid  Parahydrogen 


o 
Ci-i  c>o 


CN  ” 


f— ^  I 

Ph  ^ 

O  ^  2?  c": 

^  bS.I 

si 

'— !  O 


IZP  ^ 
cd  p 


PCH 


i— (  ^  ] 

s  ^ 

^  S' 
^  -  o 


s 

cj 

0-) 

H 

c/3 

+-> 

J 

CI. 

o 

pH 

’Td 

•  rH 

"o 

c/3 

O 

;-H 

u 


■5?- 


P 

(D 

<Di} 

O 

"d 


o 

c/^ 


c/3 

s 

p 


Pi 

<D 

O 

'p 

o 

U 

c/3 

I 

"S 

Pi 

o 

pH 

’d 

•  rH 

"o 

c/3 

o 

u 


Q 

w 

K 

TT 


c/3 

d 

•  rH 

"o 

Ln 

3h 

p 

<D 

bD 

O 

d 

Ph 


a> 

pL 

c/3 

P 

d 

H 

o 

P 

o 


c/3 

o 

Pi 

(D 

Q 

o 

& 

> 

d 

•  T— I 

0^ 


c/3 

d 

•  r-^ 

"o 

DO 

<N 

w 

Pi 

d 

<D 

Pi 

o 

Q 

d 

s 


(N 

Pi 

d 

•  T— I 

"o 

GO 

P 

G/3 

P 

d 

Pi 

O 

,Q 

M 

3 

o 

(D 


O 

Pi 

o 

o 

c/3 

O 

;h 
i— > 

o 

(D 

Pi 

GO 

Ph 


c/3 

<D 

Pi 

d- 


p::^  X 


* 


-55- 


* 


Summary 


Propellant  Performance  Figures  of  Merit 

Specific  Impulse.  Igp: 


a, 

00 

H— I 


•  • 

Q- 


Xfl 


n 


m 

(D 

(D 


bS) 


O 


(D 


C/!! 

(D 


ft 


Q. 

O 

a. 


■a:> 

lyj 

4:^ 

Ph 

"Td 

0-) 

CO 

P 

a> 

P 

o 

o 


ft 


[G.P.  Sutton,  “Rocket  Propulsion  Elements”  (Wiley,  New  York,  1992).] 
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metal  atoms  and  clusters  in  solid  H2 
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Cryosolid  Propellants  Objectives 

Make  solid  hydrogen  samples  (any  size)  containing  5%  molar 
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Cryosolid  Propellants  Approach 

Rapid  vapor  deposition  of  metal  atom  vapor  and  pre-cooled 
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[A.M.  Bass  and  H.P.  Broida,  “Formation  and  Trapping  of  Free  Radicals”  (Academic,  New  York,  I960).] 


Experimental  Diagram  (cl993) 
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Transmission  Spectrum  of  Li/nH 
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M.E.  Fajardo,  J.  Chem.  Phys.  98,  110  (1993). 
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Electronic  Spectroscopy  of  B/pH2  (d«2  mm) 
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Photobleaching  of  B/pHi  Absorptions 
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IR  Absortion  Spectra  of  B2H6/PH 
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Raman  Spectra  of  pH2  Solids 
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CHVpHi  from  Laser  Ablation  of  Graphite 
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Co-operative  IR  absorptions 
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ferred  to  as  llie  bonded  MCI  with  an  associated  vibration  labeled  v^.  Tlie 
proton  on  llie  oilier  HCI  is  not  involved  with  the  hydrogen  bond,  and  this 
subunit  is  referred  to  as  llie  free  HCI,  with  a  vibration  labeled  Vj. 
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(a  list  of  “things  that’ll  never  work.”) 
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Generalized  phenomena  of  dopant-induced  and  co-operative 
IR  absorptions  to  chemically  interesting  dopants. 


